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Introduction
Pox is a contagious disease of domestic and wild birds of all ages, sexes and breeds which is caused by pox virus belong the genus Avipoxvirus of family Poxviridae and subfamily Chordopoxvirinae. There are 25 different members of the genus Avipoxvirus (Weli and Tryland, 2011) . It is a common viral disease of commercial poultry as well as of domestic and wild birds. There are three main strains of the virus, these are Fowl pox, Pigeon pox and Canary pox (Elias et al.,2014) .The genus avipox virus includes Fowl pox virus (FPV), Pigeon pox virus (PPV), Turkey pox virus (TPV), Canary pox virus (CPV) and Mynah pox virus (MPV). The viruses are antigenetically and immunologically distinguishable from each other but there is a cross relationship for this strain identification is complicated (Elias et al., 2014) .
The disease is associated with proliferative and nodular lesions in the featherless parts of the skin or fibronecrotic and proliferating lesions in the mouth, esophagus, and mucous membrane of the upper respiratory tract (Tripathy and Cunningham, 1984) . The disease has two types-1) Dry or cutaneous pox and 2) Wet or diptheria pox. Wet pox is the more severe form of the disease, with higher mortality rate in affected birds. Wet pox alone can cause high mortality of up to 50-60% in unvaccinated birds. In layers, the disease causes a drop in egg production and reduces growth and development in young chicks and pullets (Hy-Line International 2016). The incubation period of the virus varies from about 4-10 days in chickens. Clinical signs of the disease may vary according to host susceptibility, virulence of the virus strain, and distribution of lesion (Tripathy and Reed, 2003) . The virus can enter through tiny breaks in the skin or mouth lining, possibly through shared feed and water, or transmitted by mosquitoe bites. The sources of infections are contaminated environment, carrier birds and mosquitoes. The survivability of the virus is for long time in the environment. There are several factors which plays an important role for increase in the incidence of the disease. Those factors are: breed differences, management practices and environmental conditions (Elias et al., 2014) .
Vaccination is an actual measure for prevention and control of avipoxvirus. The two attenuated live vaccines ARTICLE INFO namely FPV and PPV are commonly used for immunization of birds to protect Fowl pox and Pigeon pox in chicken and pigeon. For attenuated live Fowl pox and Pigeon pox vaccine seeds development, five to six passages of the filed isolates of Fowl pox virus and Pigeon pox virus performed in duck embryo or duck embryo fibroblast cell culture system. However, a larger number of passages can be used, if desired (Geleczei et al., 1969) .Vaccination at proper age and dose with dependable vaccines are the most effective means of controlling Fowl pox and Pigeon pox.
Few research work has been carried out for isolation, molecular detection and vaccine development of FPV and PPV in Bangladesh (Islam et al., 2008; Siddique et al., 2011; Kabir et al., 2015; Rahman et al., 2019) . But these studies did not focused on developing live attenuated FPV and PPV vaccine in embryonated egg and fibroblast cell culture. Considering these facts, the aim of this study was to isolate and identify Fowl pox and Pigeon pox viruses by molecular techniques from chickens and pigeons and development of live attenuated vaccine seeds.
Materials and Methods

Sample Collection
A total of 11 samples (Fowl Pox=4 and Pigeon Pox=7) were collected from Mymensingh district during the period of January, 2017 to November, 2018. Nodular lesions were screened using sterile blade from Fowl pox (FP) and Pigeon pox infected sick birds and placed in eppendorf tube containing 0.5 ml sterile Virus transport medium (VTM). Samples were immediately transported in the laboratory of Department of Microbiology and Hygiene in cool box containing ice packs. The experimental protocols involving the use of birds and cell cultures were approved by the institutional ethical committee (AWEEC/BAU/2019(5).
Inoculum Preparation
Both FP and PP suspected birds samples (nodules) were subjected to grinding and mixed with phosphate buffered saline (PBS) for the preparation of 10% (w/v) viral suspension. The viral suspensions were then treated by broad spectrum antibiotic gentamycin (Gentin ® 20, Opsonin Pharma. Ltd., Bangladesh) at 300µl/ml for 60 minutes followed by spreading on blood agar supplemented with 5% bovine blood (HI media, India) and nutrient agar (HI media, India), incubate for 24 hours.
Molecular detection of Fowl pox virus (FPV) and Pigeon pox virus (PPV)
DNA was extracted by chemical method using SV total RNA isolation system (Promega, USA) according to the protocol described by the manufacturer. P4b gene specific PCR was performed in a thermal cycler (Mastercycler, Eppendorf, Germany) using the condition described by Roy et al. (2013) with slide modification. The P4b gene primer sequence has given in Table 1 . A 25µl of PCR mixture was prepared by mixing green PCR master mix (Promega ® , USA) (12.5 µl), forward primer (1µl), reverse primer (1 µl), nuclease free water (3.5 µl) and template DNA (7 µl). Thermal profile used for the amplification of P4b gene was: initial denaturation at 94°C for 5 min; followed by 35 cycles of reaction consisting of 94°C for 45 seconds, 48°C for 1.5 min, 60°C for 2 min, along with final extension at 60°C for 10 min. The PCR products were analyzed using 1.5% agarose gel (Sigma-Aldrich, USA). CGGTAGCTTAACGCC GAATA
Isolation, Propagation and PCR detection of FPV and PPV
The inoculums were inoculated into 9-11 days-old embryonated chicken eggs (ECE) at the doses of 0.2 ml through chorioallantoic membrane (CAM) route and 1 ml in chicken embryo fibroblast (CEF) cell culture for primary propagation and isolation of viruses. Simultaneously DNA was extracted directly using kit (SV Total RNA isolation system, Promega, USA) from the inoculum for performing PCR targeting P4b gene to detect the positive samples.
Attenuation of Fowl pox virus (FPV) and Pigeon pox virus (PPV)
After primary propagation, and isolation of the viruses in ECE and CEF cell culture and confirmation by PCR, these propagated viruses were further inoculated into embryonated duck egg (EDE) at the dose of 0.2 ml through CAM route and also 1ml in duck embryo fibroblast (DEF) cell culture for adaptation and subsequent attenuation. Adaptation of viruses in DEF cell culture was confirmed by observing characteristics cytopathic effect (CPE) using inverted microscope (Carl Zeiss, Germany) and finally confirmed by P4b gene specific PCR. After adaptation of viruses both in EDE and DEF cell culture system, the viruses were serially passaged for six times in the systems for live attenuated vaccine seeds preparation.
Determination of TCID 50 of Fowl pox virus (FPV) and Pigeon pox virus (PPV)
From original virus sample, 100 µl virus samples were taken and a series of dilutions at 1:10 of the virus was made. Diluted virus inoculums of 100 µl from each dilution were added to each column of the quadruplicate wells. The plates of virus were tapped tightly and tilting was done carefully for 90 minutes. Then 500 µl of infection media was added to each well. The plate was then kept at 37ºC for 48 hours and then monitoring of CPE using the inverted microscope. The number of positive and negative wells was recorded. Result of the TCID 50 titer was calculated by the Reed and Muench (1938) method.
Testing of attenuation in experimental birds
Attenuation of both Fowl pox and Pigeon pox viruses were checked by inoculating them in experimental birds. For this purpose six chicks and six squabs were bought from local market of Mymensingh. Those birds were divided into two groups A and B. In case of chicks, two birds in group A and four birds in group B and similarly, in case of squabs, two squabs in group A and four squabs in group B. Attenuation was confirmed by inoculating the attenuated inoculum of FPV and PPV into group B of both chicks and squabs separately through nasal route at the dose of 0.5 ml (TCID 50 10 6.67 /ml) and was observed for two weeks. Group A of both chicks and squabs kept as control and was inoculated by ECE propagated FP and PP virus inoculum through nasal route at the dose of 0.5 ml (TCID 50 10 6.67 /ml) and was also observed for two weeks.
Results and Discussion
Molecular detection of the viruses from field samples In this study, total four Fowl pox suspected field samples (nodular lesions) were randomly collected and used for virus isolation and molecular detection and DNA was extracted from both Fowl pox and Pigeon pox suspected field samples then PCR was performed to detect specific P4b gene specific primer. Four out of four Fowl pox virus suspected samples tested was found PCR positive (100%) and seven out of seven Pigeon pox virus suspected samples tested was found PCR positive (100%) ( Fig. 1 ; Table 2 ). Findings of the present study differs with the findings of Masola et al.,(2014) , in their study out of 154 investigated samples 66 (42.86%) were found positive for FPV by PCR. This difference might occur due to large difference of sample number between these studies. In our study only four samples were analyzed, while Masola et al.,(2014) analyzed 154 samples. On the other hand, the molecular detection rate of FPV by Roy et al., (2013) was almost 100% by PCR and the results of the molecular findings of the present study almost similar with their findings. A total of seven Pigeon pox suspected field samples (nodular lesions) were collected and used for virus isolation and molecular detection. All these seven samples were found positive for avipox virus by PCR (Fig. 2) . Finding of the present study was slightly differs from the study of Kabir et al. (2015) , who found 32 (80%) positive for pigeon pox virus out of 40 samples analyzed. 
Propagation and PCR detection of FPV and PPV in embryonated chicken eggs (ECE)
For virus isolation and propagation, from each PCR positive field isolates of FPV and PPV two isolates were inoculated in embryonated chicken eggs (ECE) through CAM route and observed. The infected CAM was thickened and haemorrhagic ring observation ( Fig. 3 &  Fig. 4 ). Three passages were continued for propagation of FPV and PPV in ECE.
The finding of present study supports the findings of Kabir et al. (2015) , Audarya et al. (2018) , Masola et al.(2014) and Roy et al .(2013) , who mentioned thickening of CAM upon inoculation with FPV and PPV. Kabir et al.(2015) and other researchers who worked on FPV and PPV reported pock lesions on CAM of chicken embryo inoculated with Fowl pox virus and Pigeon pox virus. But in the present study pock lesion was absent on CAM which is similar with the results of Audarya et al. (2018) , who also reported thickening of the CAM.
Propagation and PCR detection of FPV and PPV in Chicken Embryo Fibroblast (CEF) cell culture
Propagation of FPV and PPV in chicken embryo fibroblast (CEF) cell culture was manifested by characteristics cytopathic effect. After inoculation of two PCR positive field isolates of FPV and PPV in CEF separately, the CPE was clear with duration of infection and number of passages. The CPE of FPV and PPV in CEF was observed as round, necrotic, clumping and degeneration of cells and giant cell formation ( Fig. 5 &  Fig. 6 ). Baxendale (1971) reported that all virus strains of avian pox grew satisfactorily on duck and chick embryo cell cultures, but it was found necessary to passage the agents at least three times to obtain a marked CPE. For the accurate and modern technology chicken embryo fibroblast cell culture is useful in order to propagate the field isolate of FPV and PPV to have more concentration and volume of FPV and PPV instead of old and traditional technique of FPV and PPV propagation (Khan, 2014; Balachandran et al., 2012; Yadav et al., 2007) . In present study, cytopathic effect (round, necrotic, clumping and degeneration of cells and giant cell formation) was observed for FPV and PPV in case of CEF, 4 to 5 days of post inoculation which is partially similar to the study of Gelenczei et al.(1969) , in their study they found that cytopathic effect of FPV and PPV was observed in case of CEF, 3 to 4 days of post inoculation.
Serial passage for attenuation of the FPV and PPV in duck embryo CAM route and PCR detection of attenuated viruses
Two FPV and PPV isolates propagated in chicken embryo and PCR positive samples were used for attenuation. Each PCR positive samples of FPV and PPV were inoculated in duck embryo through CAM route separately at the dose of 0.2 ml and was observed for 7-8 days. After that, the CAMs were collected which were thickened and haemorrhagic ( Fig. 7 & Fig. 8 ).
Then inoculums were prepared from infected CAMs and the inoculums were inoculated into duck embryo and six serial passages were given. Each passage was showed specific P4b PCR positive result for both the viruses.
Since several passages in unnatural host help to attenuate the virus, for attenuation of FPV and PPV six passages were given in duck embryo for attenuation.
Here the infected CAM were thickened and hemorrhagic which supports the findings of Kabir et al. (2015) , Audarya et al. (2018) and Masola et al. (2014) that they also reported thickening of CAM.
Serial passage for attenuation of the FPV and PPV in DEF and PCR detection of attenuated viruses
The growth of FPV and PPV in DEF was manifested by characteristics cytopathic effect. After inoculation of chicken embryo fibroblast propagated FPV and PPV infection, the CPE was clear with duration of infection and number of passages. The CPE of FPV and PPV in DEF was observed as round, necrotic, clumping and degeneration of cells and giant cell formation ( Fig. 9 &  Fig. 10 ). Six passages were performed for attenuation of the virus.
In present study, cytopathic effect (round, necrotic, clumping and degeneration of cells and giant cell formation) was observed for FPV and PPV in DEF 6 to 8 days of post inoculation which is partially similar to the study of Geienczei et al. (1969) , in their study they found that cytopathic effect of FPV and PPV was observed in DEF, 6 days of post inoculation. In the cell culture system the cell cultured fluid was collected and the virus suspension was used for next passage and six passages were given in DEF for attenuation for the development of live attenuated vaccines according to the study of Geienczei et al. (1969) .
Results of determination of TCID 50 of Fowl pox virus (FPV) and Pigeon pox virus (PPV)
TCID 50 of Fowl pox virus (FPV) and Pigeon pox virus (PPV) was calculated by using the formula of Reed and Muench (1938) and TCID 50 log 10 6.67 /ml was found for both FPV and PPV.
Checking of attenuation of Fowl pox virus and Pigeon pox virus:
Attenuation was checked in experimental birds. For this purpose six chicks and six squabs were bought from local market of Mymensingh. Those birds were divided into two groups A and B. In case of chicks, two birds in group A and four birds in group B and similarly, in case of squabs, two squabs in group A and four squabs in group B. Attenuation was confirmed by inoculating the attenuated inoculum of FPV and PPV into group B of both chicks and squabs separately through nasal route at the dose of 0.5 ml (TCID 50 10 6.67 /ml) and within two weeks absence of pox lesions was observed. Group A of both chicks and squabs kept as control and was inoculated by FP and PP virus inoculum through nasal route at the dose of 0.5 ml (TCID 50 10 6.67 /ml). But the pox lesions were observed in the control birds within two weeks.
In this study, attenuation of FPV and PPV was done through six serial passages in duck embryo on CAM and DEF. Previously Gelenczei et al. (1969) also used the same procedure for the attenuation of FPV and PPV, since these are not the natural host for the FPV and PPV because several passages in unnatural host help to attenuate the virus. However, in this study instead of using the wing web method the attenuated vaccine seeds were injected into the experimental birds through nasal route at the dose of 0.5 ml (TCID 50 10 6.67 ). Because Kabir et al. (2015) used three routes (oral, nasal and wing web) of inoculation of FPV and PPV and also the amount of virus 0.5ml (20% suspension).
The results of attenuation of FPV and PPV in experimental chicks and squabs (Table 3) . No pock lesions were developed in chicks and squabs ( Fig. 11 &  Fig. 12 ) inoculated with attenuated FPV and PPV where as birds infected with chicken embryo propagated virus isolates exhibited pock lesion ( Fig. 13 & Fig. 14) . The results of attenuation has showed on Table 3 . 
Conclusion
All the four Fowl pox field samples and seven Pigeon pox field samples were found positive for the presence of FPV and PPV respectively by PCR. Propagation of FPV and PPV was successfully done in chicken embryo both on CAM route and CEF cell culture. Attenuation of FPV and PPV was also done successfully in duck embryo both on CAM route and DEF cell culture for the development of live attenuated vaccine seeds after six serial passages. The attenuation of the developed live attenuated vaccine seeds were checked in experimental birds. These attenuated FPV and PPV can be used as potential vaccine candidate for the eradication of avipox outbreaks in Bangladesh. 
